Objective: The goal of this study was to develop, evaluate, and apply a method to quantify the unknown spatial extent of activation in deep brain stimulation (DBS) of the ventral intermedius nucleus (Vim) of the thalamus. Methods: The amplitude-distance relationship and the threshold amplitudes to elicit clinical responses were combined to estimate the unknown amplitude-distance constant and the distance between the electrode and the border between the Vim and the ventrocaudal nucleus (Vc) of the thalamus. We tested the sensitivity of the method to errors in the input parameters, and subsequently applied the method to estimate the amplitude-distance constant from clinically-measured threshold amplitudes. Results: The method enabled estimation of the amplitude-distance constant with a median squared error of 0.07-0.23 V/mm 2 and provided an estimate of the distance between the electrode and the Vc/Vim border with a median squared error of 0.01-0.04 mm. Application of the method to clinically-measured threshold amplitudes to elicit paresthesias estimated the amplitude-distance constant to be 0.22 V/mm 2 .
Introduction
Deep brain stimulation (DBS) requires selective and controlled effects on populations of neurons, but the distance over which DBS activates neurons is unknown. The unknown spatial extent of activation complicates surgical placement of electrodes and post-operative programming of the active contacts and stimulation parameters (Kuncel and Grill, 2004) . The distance over which neurons are activated is dependent on the orientation of the electrode and the neurons, the electrical properties of the tissue including inhomogeneity and anisotropy, the electrode geometry, and the stimulation parameters (Ranck, 1975) . Due to the large number of factors that contribute to determining the spread of excitation, it has been suggested that the spatial extent of activation should be approximated for each experimental situation (Stoney et al., 1968; Bagshaw and Evans, 1976) . The objective of this study was to develop and evaluate a method to estimate empirically the spatial extent of activation for thalamic DBS.
The threshold amplitude required to activate a neuron increases as the distance between the neuron and the electrode increases. The relationship between the threshold amplitude, Vth, and the distance between the neuron and
